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of the Phase Plane of the "Directional" Grouping Wave by Ben T. Nohara*, Member Summary Goda and Longuet-Higgins originally reviewed the grouping wave. However, we can find few studies on the grouping wave in the literature after them. It has been known that the grouping wave is strongly related to the break of mooring lines of a vessel in a port.
In the mega-float case, especially, this problem will become a severe one due to no past experience in real design. This paper discusses the characteristics of the grouping wave. The "directional" grouping wave is defined from the multi-directional regular wave and also the "complex" grouping wave is reduced from the multi-directional irregular wave.
. Introduction
Goda1) and Longuet-Higgins2) originally reviewed the grouping wave (which has been referred by the "wave group" in their paper) . However, we can find few studies on the grouping wave in the literature3)4)5) after them. It has been known that the grouping wave is strongly related to the break of mooring lines of a vessel in a port6). In the mega-float7) case, especially, this problem will become a severe one due to no past experience in real design.
A "swell"* is a mostly simple case of the grouping wave.
A "swell" is synthesized by two component waves in which frequencies are very close. The motion of a "swell" has a rapid oscillation with slowly varying amplitude.
The frequency of individual waves of a "swell" is high : the half of the sum of two frequencies , but the frequency of its envelope is low : the half of the difference of two frequencies.
Here, let us define the grouping wave precisely. The grouping wave is defined by the irregular wave specified by the spectrum of the wave envelope. The normal irregular wave does not have the specific wave envelope. Using the expression of the signal processing technique, the grouping wave is the wave of which phase modulated carrier wave is modulated by the amplitude. Time series of the amplitude modulation profiles the wave envelope. So, the grouping wave can be generated by the product of the carrier wave with the original spectrum of the irregular wave and the amplitude modulation with the wave envelope spectrum9).
In the reference ( 9 ) , the normal irregular wave and the grouping wave are generated by this method in a test basin and the mooring characteristics of a pontoon model are observed. The fact that the remarkable and low-frequency sway motion of a model is produced by the grouping wave, especially, of which envelope period is a half of sway resonance of a model, is cleared by the experiments. Namely, the sub-harmonic motion subject to the envelope period has occurred in the sway motion.
Moreover, it is known that the grouping wave has the chaos-like feature10). To analyze this feature, the continuing research is required. This paper discusses the characteristics of the grouping wave. The "directional" grouping wave is defined from the multi-directional regular wave and also the "complex" gtouping wave is reduced from the multidirectional irregular wave. The following section describes the survey of the grouping wave including theoretical background. Section 3 expands the normal grouping wave to the "directional" one. Section 4 deals with the "complex" grouping wave which is created from the very natural wave, so-called the "short crested" wave. In the final section, the concluding remark is presented.
. Survey of the Grouping Wave

. 1 Theoretical background11)
We shall start by looking at the concept of the wave Note : This paper suggests the term : a "swell" for the superposition of two close, frequency component waves. The term : a "directional" swell is also used for the superposition of two close, directional component waves in the same manner. Let the frequency spectrum of this wave be S(6), then a, is written by the following equation.
(
the defined frequency bandwidth in the effectively spectral domain. That is, the given wave spectrum S(6) can be realized by Eq. 2. Moreover, wave number kn is a solution of the dispersion relation.
(3) Here, g and h indicate the acceleration due to gravity and uniform water depth, respectively. 
2 "Directional" swell
In the case of the multi-directional wave, a "directional" grouping wave must be discussed. A grouping wave of section 2 could be called a "frequency" grouping wave in which multiple frequency component waves exist. However, a "directional" grouping wave has just a single frequency, but multiple directional component waves exist in it.
So-called a "directional" swell is a simple case of a "directional" grouping wave . In Eq. 10, let M=2, a1= a2 in a similar way of a "frequency" swell, then it follows that The surface profile 7166(x, y, t) of the multi-directional irregular ocean wave, so-called the "short crested" wave, is generally written by (25) Here, (26) S(a, 0) means the directional spectrum. This is the mostly common wave which is appeared in the real ocean.
The result of the formulation of the wave envelope and the carrier in this case is only shown as follows : Product form of the wave envelope and the carrier A "complex" swell is a simple case of a "complex" grouping wave.
In a similar way of a "frequency" swell, the equation is written by (31) In this case, both the wave envelope surface and the carrier surface are time variant and also directional dependent. Figure 6 shows the surface of a "complex" swell of which the angular frequencies and the component directions are 0.314 [rad/sec] , 0.57 [rad/sec] and respectively. (36)* That is, the phase plane of the envelope of a "complex" wave is superposed by the phase planes of the envelopes of a "frequency" swell and a "directional" swell.
Concluding Remark
In this paper, some types of the grouping wave are reduced and their characteristics are discussed. The normal grouping wave ("frequency" grouping wave) has the time varying envelope surface. However, the wave envelope surface of the "directional" grouping wave is not varied in time, i. e., it is time-invariant. Therefore, the "directional" grouping wave has a constant envelope surface of time. Moreover, the complex grouping wave is reduced from the multi-directional irregular wave. It is shown that the phase plane of the envelope of a "complex" wave is superposed by the phase planes of the envelopes of a "frequency" swell and a "directional" swell. From the consideration of this paper the followings are concluded.
( 1 ) The "directional" grouping wave does not cause low-frequency motions to floating structures because the wave envelope surface of it is timeinvariant. However, the structure design for it will have to be re-considered due to the timeinvariant, long duration envelope.
( 2 ) The "complex" grouping wave also causes lowfrequency motions and the structure design for it will have to be re-considered too because the "complex" grouping wave has the characteristics of both the "frequency" grouping wave and the "directional" grouping wave . Artech House, (1996) .
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